The Mekong River Delta is one of the world's largest deltas and plays an important role in Vietnam's economic development. Studies of flood propagation over the whole delta have been rare. In 2000, due to global climate change and La Nina phenomenon, the hydrological and meteorological situations were very complicated around the world in general, and in the Mekong River basin in particular. In Mekong Delta, flood occurred early and had two peaks in which the second peak was one of the highest in the past 80 years. This flood caused water levels in the upstream Mekong River basin to become about 1 to 3 m higher than the third warning level, and caused extremely severe inundation downstream. In Vietnam, this flood caused damage totaling about 5,000 billion VN dong (about 4 million US dollars at that time), and its level was used to consider the design elevation of flood control embankments. Thus, through study of this flood is necessary to mitigate flood damage and human suffering and to contribute to policy making and create the conditions for embankment elevation design.
Introduction
Floods are common natural hazards occurring all over the world, causing loss of life and property each year. An increasing trend in extreme flood events can be observed in many countries around the world in general, and in the Mekong River Delta in particular. It is rare for big floods to occur successively as they have occurred since the end of the last century, in 2000, 2001, and 2002 , with peak values exceeding 4.7m at Tan Chau (location is shown in Figure 1c ), whose level is considered to correspond to severe inundation in the delta (Huynh 2002) .
The Vietnamese part of the Mekong River is located at the farthest downstream end of the Mekong river basin. It is a flat and low-lying area of 4.95 million ha and occupies about 11% of the whole basin (Mekong River Commission 2001) . The Mekong River Delta in Vietnam is affected by two tidal sources, the regular semi diurnal tide from the South China Sea and the irregular diurnal tide from the Gulf of Thailand. The effect of the former, whose highest amplitude of fluctuation is about 3.5-4.0 m, is stronger than -663-that of the latter, whose amplitude is 0.8-1.0 m (Truong 2006) . These tidal effects on the flooding in the Mekong River Delta are complicated and caused long lasting inundation at the end of the flood season.
The flood of 2000 was considered to be a historical catastrophic flood in this area. According to data from Vietnam's National Flood and Typhoon Prevention and Preparedness Committee, the damage caused by the flood of 2000 in Vietnam was very significant. It cost about 5,000 bil- done with GIS, linked to hydrological and hydraulic modeling, using GIS-based hydrological analyses (Vieux 1991; DeVantier and Feldman , 1993; Correia et al. 1998; Jamn and Singh 2005) However, for a large delta such as Mekong River Delta, observed dataa are not detailed enough in microscale regions, leaving the knowledge of the origins of flooding and its possible magnitude in a given region still unclear. Therefore, it is necessary to couple a hydraulic model and GIS to simulate flood flow to understand the hydrological regime in this delta.
The flood in 2000 has been a major topic of study. Kazama et al. (2002) studied the flood of 2000 by numerical simulation and conducted a field survey in an area 100 km from east to west and 150 km from north to south around Phnom Penh. This study showed the inundation distribution in the Cambodian part of the Mekong Delta. Damage according to field survey in Vietnam was reported by Kazama (2001) . Hagiwara et al. (2002) studied the change of inundation area under various controlled flood situations and irrigation by using numerical simulation in one limited downstream part of the lower Mekong basin in Cambodia. The study found that the wide area of inundation in the lower Mekong is reduced by flood control, and traditional irrigation style becomes impossible in some regions. Geographical features and land use around Phnom Penh, Cambodia was studied by Kubo (2006) , and geomorphology research in correspondence with flood 2000 and geographical features of Dong Thap Muoi in Vietnam was studied by Umitsu et al. (2004) . These studies were not for the whole Mekong River Delta in Vietnam, therefore, the flood of 2000 of such long inundation period should be simulated by using a numerical model for the whole delta.This will help the further understanding of the 2000 historical flood.
In the Mekong River Delta, flood propagation models in rivers and floodplains with models solving the Saint Vennant equations were developed (Dac 1996; Nien 1996; Dong 2000) . The first flood model was developed in the 1960's by SOGREAH (SOGREAH 1963) . The large scale and the complexity of the problem made this model famous and well known worldwide for some decades. However, this model was still incapable of simulating accurately the flood flow in the Vietnamese Mekong Delta. The modeling scheme had to be fundamentally changed due to new canals, dikes, and roads developed in the flooded areas. Since then, other hydraulic models have been applied to simulate floods: e .g., MIKE 11 developed by DHI-Water and Environment, Denmark recently was applied as an analysis tool for a study on the Tonle Sap flow; ISIS developed by HR Wallingford and Halcrow was used to simulate the river system downstream of Kratie, but at present there are insufficient data to warrant setting up the model (Mekong River Commission 2004) .
In Vietnam, topographical and hydraulic data on the delta have been updated since 1978, and various one-dimensional hydraulic models have been developed by Vietnamese scientists: e.g. SAL (Thuy and Dac 2000) , VSARP (Doug 2000), KOD (Nien 1996; Nien et al., 2004, Lanh and Minh 2004) . All these models are based on the one-dimensional Saint-Vennant equation, but different methods are used to solve the equation. The complexity of river network density, embankment systems, sewer systems, etc., can cause certain problems for each model. The local models have produced better simulations of the flooding situation in Vietnamese Mekong River Delta, however, without GIS linking, most of them are "unfriendly" and difficult to operate and to solve the data management problems. Drawing on previous basic studies and oriented toward application to Vietnamese conditions, the hydraulic model HydroGis was developed by our group at the National Center of Hydro-Meteorology. Of the local models, HydroGis takes into consideration the effect of wind speed and salinity. It has the further advantage that by linking with GIS, the model can visualize the results, and manage the database efficiently. Through this combination, we can easily analyze the results to better understand such problems as how serious the inundation was in each sub-region, the size of the area affected by each inundation, and its effects on the paddy fields. the first peak at Tan Chau (Mekong River) of 4.22 m on August 1St was 0.02 m higher than the third warning level at which inundation becomes severe, threatening flood control structures or making these structures ineffective. Also, the first peak at Chau Doe (the Bassac River) of 3.81 m on 2nd-5th August was 0.31 m higher than the third warning level. After that, flooding in the river slowly decreased but water levels in Dong Thap Muoi and Long Xuyen quadrangles continuously increased. In September, flood flow continued to increase and the second peak was the highest of that year and occurred about 1 month and 21 days later than the first. Compared to the other two peak flood records, this difference is about 10-20 days longer. In 2000, at Tan Chau, the flood peak of 5.06 m was the third highest since 1960, and at Chau Doc the flood peak of 4.9 m was the second highest during the 80-year period since 1926 (Figure 4 ). It is unusual that both occurrences coincided, on September 23rd
The water levels at most stations in Dong Thap Muoi reached the highest levels since 1960. The farther one goes downstream from Dong Thap Muoi, the higher the increase observed over the highest water level recorded in the past 40 years. At Tan Chau, the duration of water level higher than 3.5 m was 118 days, the longest inundation period since 1961, and again at Tan Chau the du- Based on the 78-year accumulated hydrological data at Tan Chau and Chau Doe (from 1926 to 2004) , the probability of a flood like 2000 was estimated using Person Type III distribution (Shahin et al. 1993 ). Figure 5 shows the preoccurrence probability of the observed flood peaks occurring at Tan Chau in the Mekong River Delta. This flood has an occurrence frequency of about 5%; such an extremely large flood is worthy of study in detail using hydraulic models. Analysis based on observed water levels at all the canals Tan Thanh, Lo Gach, and Hong Ngu (see locations in Figure 6 ), between two tributaries of the Mekong River, this deep inundation persisted until the end of October. In November, when the inundation receded, the maximum inundation depth was about 2 m for a short period, but inundation to a depth of 1.5 m persisted over quite a large area.
The simulated results show that inundation levels were deeper in Dong Thap Muoi than in Long Xuyen quadrant (Figure 6 ), and inundation in the eastern and southern parts of Long Xuyen quadrant seem to be shallower. This complication is attributable to many causes, including such flood control measures taken as raising the elevation of the roads, building an embankment system, and improving the canal network, which contributed to making some separated hollows. (Tables 4 and 5 ). Subjected to inundation depths greater than 1 m in August flood, 57% of this area in Dong Thap, 19% of this area in Long An, and 44% of this area in An Giang were inundated to a depth of over 1 m for more than 25 days. This may be attributable to early flood control measures designed to protect the crop. The distribution map of the total time period corresponding to the maximum inundation depth in Figure 11 shows that in Long Xuyen quadrant, despite existing flood control structures, the duration of inundation persistence was still long. 
